Electromagnetic soundings on the Colville Indian Reservation, Washington

by

Vincent J. Flanigan, Carl Long, Charles Tippens, and Mark Sherrard

Open-File Report 86-464

1986

This report is preliminary and has not been reviewed
for conformity with U.S. Geological Survey editorial
standards. Any use of trade names in this report is
for descriptive purposes only and does not imply
endorsement by the U.S. Geological Survey.



Table of Contents

IntroductioNececesvsascovrecsesscscsecscsosossossoscoscsscsnccses
Electromagnetic methods‘.‘..-...‘...‘..‘....................
Discussion of results.‘...‘..................-..............
Mount Tolman ArC3ecceccecceccsscccccscsscssncsscosscccsscscas
Keno Trail aredeeececsecsecevsecesscsscssococcscacsaseces
Mineral Ridge aredcccececesccsscsccscscccvccscescncenoe
Park City Are@cscccccccccccscsccsosrcccsassssocnccsssasns
Five LaKeS AY@aceccercscscscscceavrccsvscnscsansnscsassosscs
Stranger Mountain aAr@ad.cseceecsssccsccsssonmssccsosocsss
Summary and concluSionS..cececcesscscssscssssccsssoscssssscsnce
References cCite@deeesesscescecssacascoscorsssrsenoscavsscncscscsce

Figure 1.

9.

10.

Illustrations

Index map showing the location of the Colville
Indian Reservation and the approximate locations
of survey areas discussed in this report.ccencsss

Part of the geologic map of the Mount Tolman area
of the Colville Indian Reservation, showing the
locations of AMT soundings AM-9 and AM-13 and the
approximate areal extent of copper-molybdenum
mineralization.ceeessccescoscesccssocccrsccosscenon

AMT sounding data from station AM~9¢ccececcccocee

Interpreted one dimensional layered earth model
ofAMTsoundirlg AM—9IQ............Q..Q......I....

Interpreted layered earth model of Mount Tolman
AMT sounding AM—130000..00.¢0.00.00.0.000000'OOOO

Simplified geologic map of the Keno Trail area...

Map of the Keno Trail area showing AMT station
locations, contours of apparent resistivity
measured at 75 hertz (Hz) and zones of
hydrothermal alterationNeccecsscsccsccsccsccscscsscse

Map of the Keno Trail area showing apparent
resistivity measured at 450 Hz and zones of
hydrothermal alteratioNeceecssessscescsscccccossas

Electrical section A-A” in the Keno Trail area
(fig. 7) showing interpreted resistivity from
AMT soundings....Q..Q...Q..Q..I.....Ol...........

Electrical section B-B“ in the Keno Trail area
(fig. 7) showing interpreted resistivity from
AMT soundings.‘-..........O....0.‘0.‘....000...“

10

12

13

14

15



Figure 11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

24,

Table of Contents (continued)

Illustrations

Preliminary geologic map of the Mineral Ridge area

Maps showing apparent resistivities from AMT
soundings in the Mineral Ridge area at 27 Hz

and 685 Hz‘....“.......0.0‘..0...’....‘........

Map showing the locations of AMT soundings in
the Park City district and the location of
diamond drill hole PC 82—2‘.0..‘00‘0‘...‘..0“0.

Plot showing apparent resistivity versus
frequency and interpreted three-layer
resistivity model for AMT sounding PC 82-l......

Plots showing apparent resistivity and
interpreted three-layer resistivity models of
AMT SOundingS PC 82-2 and PC 82‘3.-;...0;..00.0‘

Geologic map of the Five Lakes area showing
AMT station locations and the outcrop extent
of the hydrothermally altered garnetiferous
leucocratic—granite unitseecccecesescsesncacscossacsses

Plots showing the apparent resistivity vs. time
curve and the interpreted four-layer earth model
for the Five Lakes TDEM Soundingeeeesssesessssss
Plot showing AMT sounding 5LK 82-1 in the Five
Lakes area and its interpretation in terms of
a four-layer resistivity modelececsscasceccccesns

Plot showing observed data, from a TDEM sounding
located at the site of AMT sounding 5LK 82-1 and
interpretation based on a four-layer earth model
with varying thickness of the second layer......

Plot showing interpretation of AMT sounding 5LK
82-1, with varying thickness of the second layer
Plot showing AMT sounding 5LK 82-2 in the Five
Lakes area and its interpreted four-layer
resistivity modeliececsacecccseesaccossesscsaccnne

Plots showing AMT soundings 5LK 82-3 and 5LK
82-4 in the Five Lakes area and their interpreted

four-layer earth modelSeecescesenccsorescccrscnsee

Interpreted AMT resistivity cross-section A-A~
in the Five LakeS are8ccccsccccccssensccnsenssne

Aeromagnetic map of the Stranger Mountain area

ii

17

18

20

21

24

25

26

27

28

30

31

32

33



Figure 25.

26.

27.

Table of Contents (continued)
Illustrations

Map of the Stranger Mountain area showing the
interpreted areal distribution of rock of
moderate magnetic character (H), and rocks

of low magnetic character (L).eeceeoscsesscesccss

Maps showing AMT apparent resistivity at 7500 Hz,
75 Hz and 7.5 Hz in the Stranger Mountain area;
also shown is a contour map of the plutonic
bedrock SUrface@..secscsscscesscocencsccncasansnas

AMT plots showing field sounding curves and

interpreted layered earth models for a AMT
sounding in the Stranger Mountain area.ceeceesece

iii

35

36

38



INTRODUCTION

This report presents data from geophysical investigations conducted on the
Colville Indian Reservation and is sponsored by the Bureau of
Indian Affairs (BIA) as part of an ongoing program of
mineral appraisal of Indian lands.

Among the types of mineral deposits known to occur in the Colville Indian
Reservation, stockwork copper-molybdenite porphyry deposits similar to the
Mount Tolman deposit seem to have the greatest potential for discovery
(Rinehart and others, 1975). The literature indicates that a great deal of
effort has been made to understand the geologic and geochemical environment of
copper-molybdenum systems. The literature 1is noticeably 1lacking in
geophysical parameters or geophysical case histories from which exploration
criteria might be developed for the exploration geophysicist. These geologic
and geochemical studies are, however, indirectly valuable in developing some
potential geophysical criteria; for instance: Grant (1969) suggests that in
the Northern Cascade porphyry systems ore controls include: suitable host
pre-mineralization preparation through fracturing and faulting; fault =zones
and trend direction are often distinguished in potential field data such as
magnetics and gravity., He further indicates that pyrite and pyrrhotite are
often associated with such deposits; induced polarization would respond to
increased sulfide content and magnetics would give an indication of the
presence of pyrrhotite. Thomas and Galey (1982), in discussing the discovery
of the Mount Emmons, Colorado, molybdenum deposits, indicate that magnetic
surveys detected increased magnetite content within the porphyry system, that
induced polarization responded well to the Keystone vein system but that
detailed gravity measurements were inconclusive in identifying ore bodies.

Lowell and Guilbert (1970) discuss in lateral and vertical alteration
zoning associated with porphyry ore deposits. They suggest that hydrothermal
alteration in the propylitic and argillic zones causes montmorillonite and
kaolin-group clay minerals to develop, and clays normally increase the
conductivity of rocks. However, the single most important factor which
determines the electrical conductivity of rocks is their water contents
(Summer, 1976). The amount of water in rocks is related to the porosity and
factors affecting porosity such as fracturing and faulting. Mutschler and
others (1981) suggest that during the development of porphyry systems fluid
pressures produce massive hydrofracturing characteristic of all porphyry
deposits., Kamilli (1978) demonstrated the importance of high salinity (to 60
percent NaCl) fluids in the transportation of molybdenum at the Henderson
mine, Colorado. All of the above mentioned factors may also have a direct
bearing on the electrical nature of porphyry deposits.

One of the primary objectives of our investigation was to determine if
significant changes in the electrical nature of the Mount Tolman porphyry
system were introduced during the development of the various alteration
zones. This information would then serve as control for interpreting data
from mineralized areas.



ELECTROMAGNETIC METHODS

The audio-magnetotelluric (AMT) method can make use of mnatural or
artificial electromagnetic (EM) fields. The natural field energy originates
from worldwide atmospheric discharges of storms, with the principle energy
produced from tropical storm cells that occur in the northern hemisphere
during its summer months. These electrical discharges or lightning strikes
often occur at great distances from the measurement site, thus, permitting a
plane-wave assumption to be used in relating the measured electric and
magnetic fields to the earth”s resistivity (Hoover and others, 1978).
Inasmuch as the equipment used in these investigations does not use artificial
sources of EM fields, our discussions will be confined to natural source
methods.

Cagniard (1953) describes the theoretical basis of the magnetotelluric
method. Strangway and others (1973, 1979) discuss the application of AMT to
mineral exploration and conclude that the method has both advantages and
disadvantages compared with other electrical geophysical methods. Briefly,
the equipment measures the relative amplitudes of the electric (Ex) and
magnetic (Hy) fields in orthogonal directions. The scalar apparent
resistivity (in ohm-m) is related to the measured fields by

Ex2

where F is frequency in Hertz (Hz), Ex is the horizontal x-directed electric
field component in Mv/km, and Hz is the horizontally directed magnetic field
in gammas. Apparent resistivities are calculated from sixteen frequencies
spanning several decades, resulting in a form of depth sounding. These
soundings can be interpreted using methods described by Anderson (1979) and
Bostick (1977) in terms of physical parameters of a layered earth, i.e.
conductivity and thickness of the various electrical interfaces present
beneath the sounding site.

The skin depth (§) is an approximation of the effective depth exploration
of the AMT method and is given by 6(m) = 503Vp/f where (p) is the resistivity
in ohm-m and f is the frequency of the measured signals. The frequency range
of the U.S. Geological Survey (USGS) equipment is from 4.5 Hz to 27 KHz, thus,
the exploration depth ranges from a few tens of meters to several kilometers
depending upon resistivity and frequency.

Time-domain electromagnetic (TDEM) methods were also tested in two areas
in an effort to supplement the frequency-domain data taken with the AMT
method. The equipment used (Sirotem) was designed and built in Australia and
is described in detail by Buselli (1980). Briefly, the TDEM system used in
these tests measures the transient decay of the electromagnetic field from
eddy currents which are induced into the earth by a wire loop lying on the
ground pulsed by a square wave current source. Inasmuch as the induced eddy
currents do not cease to flow the instant the inducing current is switched
off, but decay gradually, their presence is indicated by the decaying or
transient voltages that are induced in a receiver 1loop. Hence, the
measurement of these transient voltages is a means of detecting geologic
conductors, The higher the conductivity of the conductor, the longer the
transients persist. The transient decay voltage is measured by up to thirty
two channels spaced in time between the cut off of one pulse cycle to the
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initiating of the next. The TDEM system used, allows for stacking and
averaging up to 2048 measurement cycles. Any number of individual stacked
measurements also may be averaged to determine to a very high degree of

accuracy the transient voltage decay curve.

A variety of transmitter-receiver loop configurations may be wused
depending on the attitude of the conductors being sought. Characteristics of
the received EM field are dependent upon the transmitter-receiver loop
configuration, thus, a single wire loop (coincident; where transmitter and
receiver use the same physical wire) produces a predominantly vertical local
magnetic field which induces a maximum of eddy currents into horizontal
conductors. Increasing the size of the transmitter-receiver loop increases
the depth of exploration of the method. As a rule of thumb, the exploration
depth is considered to be about twice the side dimension of a square
transmitter-receiver 1loop. In practice, measurements are made either in a
profile or sounding mode. The purpose of the profile mode is to delineate the
horizontal extent, across strike, of an electrical conductor. The purpose of
the sounding mode is to evaluate the thickness and electrical resistivity
p) or conductivity (1/p) of layers beneath the sounding loop. The operational
methods of the two modes do not have to differ significantly, but usually, in
the profile mode, fewer time channels are used to sample the transient decay
voltage of several successive loop setups, whereas in the sounding mode the
full transient decay voltage (within equipment 1limits) is measured for a
single, generally, large loop setup.

Interpretative techniques which allow determination of the layered earth
parameters are discussed by Raiche and Spies (1981) and Anderson (1982a, b).
As with the frequency-domain AMT data, TDEM data may be inverted to determine
layered earth parameters such as conductivity and thickness. The non-unique
solutions thus derived are at best, a fair estimate of the geoelectric-

section.
DISCUSSION OF RESULTS

AMT soundings were made in six areas on the reservation (fig. 1). They
were: 1. Mount Tolman; 2. Keno Trail area; 3. Mineral Ridge; 4. Park City
district; 5. Five Lakes area; 6. Stranger Mountain area.

Mount Tolman area

The Mount Tolman copper-molybdenum porphyry deposit is closely associated
with the emplacment of the Keller Butte pluton (W. Utterback, 1983, written
commun.) Utterback has described the Keller Butte pluton in the vicinity of
Mount Tolman as consisting of two distinct zones interpreted as representing
in~situ differentiates of the cooling pluton. The border zone, having
solidified first, consists of two major phases that are compositionally and
texturally similar. Phase 1, the quartz monzonite of Manilla Creek is
distinguished from Phase 2, the granodiorite of Mount Tolman (Kgd; fig. 2), by
its unzoned potassium feldspar phenocrysts and its coarser grain size. The
interior zone, which solidified after the border zone consists of Phase 3
(porphyritic quartz monzonite unit) and Phase 4 (Quartz Porphyry Kqp), which
are distinguished from phases 1 and 2 by their 1lighter color
(lower biotite content), their large, =zoned, euhedral potassium feldspar
phenocrysts, their quartz "eyes", and their automorphic granular texture.



WASHINGTON

119°30° 119°00’ 118 30° i 30"
—- = p- - -
I/ ‘ 2
- / % 2 \
COLVILLE INDIAN RESERVATION ‘ ) - 48°15’

/
_

- 48°00°

Index map showing the location of the Colville Indian Reservation;
shown, also are the approximate locations of the areas discussed

in this report. Area 1: is the Mount Tolman area; 2. the Keno
Trail Area, 3. The Mineral Ridge area; 4. the Park City District;
5. The Five Lakes area, and 6. the Covada District.

Figure 1.


























































































A review of the available geophysical data covering the area suggested
that aeromagnetic data from a 1978 helicopter-borne gamma-radiation and
magnetic survey of the eastern part of the reservation would be particularly
useful in delineating 1lithologic units. The residual total-field magnetic
data (with the regional magnetic gradient removed) are shown in figure 24.
Two features of the magnetic map are noteworthy: (1) plutonic rocks are
characterized by higher amplitude, up to 300 gamma, anomalies. (2) magnetic
highs of lower amplitude are seen in areas covered by alluvium and glacial
drift (these are thought to be associated with plutonic rocks in the near
surface).

In order to address the areal distribution of plutonic rocks in the
Stranger Mountain area, an interpretative map has been prepared (fig. 25).
Areas of relatively high magnetic activity are indicated by H; (the subscript
is for identification with the text discussion). An area of low magnetic
anomaly is indicated by L;. At the latitude of the study area, a line drawn
through the point of steepest magnetic gradient generally defines the
approximate boundary of the source of the anomaly for normally polarized
magnetic bodies. Magnetic anomaly H; (fig. 25) correlates with the outcrop
extent of the Meteor plutonic body, particularly along the southeast contact
of the pluton with metasedimentary rocks. Plutonic rocks farther to the
north, also presumably part of the Meteor plutonic body have a distinctively
different magnetic character (Ll’ Fig. 25). Rocks in this area may represent
a less magnetic phase of the intrusive body. Analagous granitoid rocks
hosting the Mount Tolman mineral deposit and biotite (muscovite) granitic
rocks in the Twin Lakes quadrangle to the west have a similar low magnetic
character (Flanigan and Sherrard, 1986).

Magnetic anomalies H,, Hj3, H,, and H; (fig. 26) are relative magnetic
highs that cannot be directly related to outcropping plutonic rocks and are
thought to be related to near surface intrusive rocks.

Steep magnetic gradients that align linearily along the northeast side of
magnetic anomaly H; suggest the presence of a northwest trending fault zone.
The zone passes through the Stranger Mountain area a few hundred
meters southwest of the summit of the mountain and generally forms the
contactboundary between the magnetic phase of the Meteor pluton on the south
and the less magnetic phase on the north.

Eleven AMT soundings were made in the Stranger Mountain area during the
1982 and 1983 field seasons. The data, particularly from the 1983 field work,
were noisy. It was found that drilling operations going on at the time of
the survey caused an interference problem that was most noticeable around 1400
Hz. AMT station locations are shown on figures 25 and 26 so that comparisons
may be made between the data sets. The results of the AMT survey are
summarized on figures 26A-D. The apparent resistivity maps at three
frequencies (7500, 75, and 7.5 Hz) indicate the earth response of the method
at increasing depths (fig. 26A-C). Notice that apparent resistivities at 7.5
Hz (fig. 26C) are considerably higher than those sensed at 7500 Hz (fig.
26A). At 7500 Hz the skin depth is 116 m at 400 Q-m apparent resistivity,
whereas at 7.5 Hz the skin depth is 3.7 km. Thus, at 7500 Hz the apparent
resistivity map (fig. 26A) reflects only the changes in earth resistivity in
the first hundred meters or so both in depth and laterally, whereas at 7.5 Hz
(fig. 26C) the resistivity map reflects resistivities associated with
lithologic, structural and moisture content from the surface to several
kilometers depth.
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Figure 25. Map of the Stranger Mountain area showing the interpreted areal distribution of rocks of
moderate magnetic character (H), and rocks of iow magnetic character (L). The subscript
after the Hy and Ly are for identification with the text discussion. The heavy bar line

indicates the location of an interpreted fault zone. AMT Sounding iocations indicated by
triangle. Shaded area indicates zone of hydrothermal alteration.
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An interpretation of the AMT soundings was accomplished by inverting the
observed data so that the resultant non-unique layered-earth model fits, in a
least squares sense, the observed data (Anderson, 1979, Bostick, 1977) There
are several factors bearing on the accuracy of such interpretive
techniques: first, the solutions are non-unique, or equivalent solutions.
This problem can be minimized by combining results of several geophysical
techniques which measure different physical properties or measure the same
physical properties in different ways. Secondly, the USGS AMT equipment
measures parameters of the magnetic and electric fields propagating from
random sources so as to determine the scalar apparent resistivity in two
orthogonal directions. In areas where there are no significant lateral
discontinuities of resistivity, the orthogonal sounding curves are nearly
identical. However, in the presence of major lateral discontinuities, the
orthogonal sounding curves can be different. Interpretation of such a
sounding site in terms of layered earth models is ambiguous. Such is the case
in several soundings in the Stranger Mountain area. This problem 1is
illustrated using the '"worst case" sounding (fig. 22). Notice the wide
discrepancy between the measured apparent resistivities for the two
polarizations (fig. 27A). The interpreted layered-earth models for the two
polarizations are shown 1in figures 27B and 27C. If one assumes that
resistivities lower than 1000 Q-m relate to metasedimentary rocks and
resistivities higher than 1000 Q-m are indicative of plutonic rocks, then two
widely differing estimates of depth to the plutonic rocks are obtained.
However, the presence of such discrepancies in the two sounding curves signals
the presence of a distinct lateral boundary.

Another problem that often occurs in the interpretation of AMT soundings
such as those in figure 27 is the lack of a clear break in resistivity between
metasedimentary and plutonic rocks. Most probably there is a overlapping area
of resistivities where it is impossible to distinguish between the two rock
types.

Bearing these uncertainties in mind, the interpreted depths to the
intrusive plutonic rocks in the Stranger Mountain area are summarized in the
form of a contour map (fig. 26D). Soundings 2 and 4 were affected by
proximity to lateral changes of conductivity, although to a lesser extent than
sounding 3 (fig. 27). Soundings 10 and 11 did not sense unaltered, resistive
bedrock within one kilometer depth, probably because of their location in
relation to the interpreted northwest structure zone which would be expected
to increase the conductivity of the rocks to great depth. Sounding number 5,
although located on altered granodiorite indicated that rocks of about 300 Q-m
resistivity extend to at least 800 m depth. Sounding number 9 is very similar.
to sounding 5, except that it is located in an area of outcropping meta-
sedimentary rocks of about 400 Q-m resistivity that extend to at least one
kilometer depth. Soundings 6 and 7, 1located very close to outcropping
intrusive rocks, show that rocks of 400 to 600 Q-m extend to some 700 m depth
where the rocks become more resistive,

One drill hole in the Stranger Mountain area (DDH-1), located between AMT
soundings 2 and 11 on the eastern slope of the mountain intersected plutonic
rocks at 1810° (552 m) below the surface. Collar elevation of the hole is
about 2600 (792 m) making the elevation of the plutonic rocks intersection at
790° (241 m).
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A second drill hole in the Stranger Mountain area was located at or very
close to the site of AMT sounding number 4. The hole collared at about 1800~
(549 m) elevation, intrusive rocks were encountered at 725" (221 m) depth,
making the elevation of the intrusive intersection 1075° (328 m).

The AMT data suggest that the surface of the unaltered intrusive rocks
dips sharply (at least 400 m/kilometer) toward an interpreted northwest-
trending structure zone.

Summary and Conclusions

Electromagnetic soundings were made in six areas on the Colville Indian
Reservation. Three of the areas (Mineral Ridge, Keno Trail, and Five Lakes)
approximate geologic environments similar to that which hosts the Mount Tolman
copper-moly deposit, that is, altered intrusive granitic rocks at or very near
the surface. Based on control soundings over the Mount Tolman deposit, areas
of highest conductivity (low resistivity) were delineated on the southern
flank of Squaw Mountain in Mineral Ridge area and immediately west of the Keno
mine in the Keno Trail area. 1In the Five lLakes area, granitoid rocks become
more conductive at depth than they are at the surface, where altered granite
is present. In the valley about one half kilometer southwest of the first
drill hole (site of AMT sounding 5LK-1) the conductive granitic zone appears
to be nearer the surface.

In the Park City and Stranger Mountain areas the geologic environment
suggests alteration and possible mineralization associated with intrusive
rocks beneath a thick section of metasedimentary rocks. 1In the Park City area
limited AMT data suggest that the intrusive rocks surface dips steeply to the
west and to the south from the site of AMT sounding PC-1.

At the Stranger Mountain study area, airborne magnetic data outline the
areal extent of moderately magnetic rocks associated with the Meteor plutonic
body. Further, the magnetic data show that granitoid rocks to the east of the
town of Meteor are different in their magnetite content than the main mass of
the Meteor plutonic body. The data also suggest the possibility of a major
northwest trending structure is present, near the summit of Stranger Mountain,
separating two phases of the Meteor plutonic body.

The AMT data generally confirm the presence of the interpreted fault zone
in the Stranger Mountain area. The surface of the interpreted intrusive
pluton, both north and south of the fault, is inferred to dip steeply toward
the fault. Pervasive alteration along a 8.4 km, N. 20 W. trending zone may be
directly, or at least in part, related to a major fault.

39



References Cited

Anderson, Walter L., 1979, Program IMSLW: Marquardt inversion of plane-wave
frequency soundings: U.S. Geological Survey Open—-file Report 79-586, 37

p.

1982a, Non-linear least-squares inversion of transient soundings for a
coincident loop system (Program NLSTCO): U.S. Geological Survey Open-—
file Report 82-.

1982b, Adaptive non-linear least-squares solution for constrained or
unconstrained mineralization problems (subprogram NLSOL): U.S.
Geological Survey Open-file Report 82-68.

Becraft, G. E., 1966, Geologic map of the Wilmont Creek quadrangle, Ferry and
Stevens Counties, Washington: U.S. Geological Survey Map GQ-538, scale

1:62,500.

Bostick, F. X., Jr., 1977, A simple and almost exact method of MT analysis:
Geothermal Workshop Report: University of Utah, USGS contract 14-08-
0001-G-359.

Buselli, A., 1980, The application of Sirotem in weathered terrain: Bulletin
Australian Society Exploration Geophysicists, vol. 11, p. 264-271.

Cagniard, L., 1953, Basic theory of magnetotelluric method of geophysical
prospecting: Geophysics, vol. 18, p. 605-635.

Campbell, A, B., and Raup, O. B., 1964, Preliminary geologic map of the

Hunter”s quadrangle, Stevens and Ferry Counties, Washington: U.S.
Geological Survey Mineral Inventory Field Studies Map MF-276, scale
1:62,500.

Flanigan, Vincent J. and Sherrard, Mark, 1986, Preliminary geologic
interpretation of the aeromagnetic map of the Colville 1Indian
Reservation, Washington: U.S. Geological Survey Open—-File Report 86—, 29
P., 2 pl., scale 1:125,000.

Flanigan, Vincent J., Tippens, Charles, Sherrard, Mark and Baer, Michael J.,
1982, Airborne geophysical surveys and preliminary ground follow up in
the Mineral Ridge and Thirty mile Creek areas, Colville 1Indian
Reservation, Washington: U.S. Geological Survey Administrative Report
BIA~5(II)A, 30 p.

Grant, Alan Robert, 1969, Chemical and physical controls for base metal
deposition in the Cascade Range of Washington: State of Washington
Department of Natural Resources, Division of Mines and Geology Bulletin
No. 58, 107 p.

Hoover, D. B., Long, C. L., Senterfit, R. M., 1978, Some results from audio-

magnetotelluric investigations in geothermal areas: Geophysics, vo. 43,
no. 7, p. 1501-1514.

40



Kamilli, R. J., 1978, The genesis of stockwork molybdenite deposits,
implication from fluid inclusion studies of the Henderson Mine [abs.]:
Geological Society of America, Abstracts with programs, v. 10, p. 431.

Lowell, David J. and Guilbert, John M., 1970, Lateral and vertical alteration-
mineralization zoning in porphyry ore deposits: Economic Geology,
Bulletin of the Society of Economic Geologist, vol. 65, no. 4, p. 373-
408.

Lowell, John A., and Galey, John T. Jr., 1982 Exploration and geology of the
Mount Emmons molydenite deposits, Gunnison County, Colorado: Economic
Geology, Bulletin of the Society of Economic Geologist, vol. 65, no. 4,
p. 373-408.

Mutschler, Felix E., Wright, Ernest G., Ludington, Steve, and Abbott, Jeffrey

T., 1981, Granite Molydenite systems: Economic Geology, vol. 76, pp.
874-897.

Raiche, A. P. and Spies, B. R., 1981, Coincident 1loop transient
electromagnetic master curves for interpretation of two-layer earths:
Geophysics, vol. 46, no. 1, p. 53-64.

Rinehart, C. D., Greene, R. C. and Thomson, John, 1975, Status of Mineral
Resource information for the Colville Indian Reservation, Washington:
U.S. Geological Survey Administrative Report BIA-5, 45 p.

Roth, J. and Papazisan, P., 1979, Aeromagnetic survey Colville 1Indian
Reservation, Washington, Amax Exploration Inc. unpublished report, 14 p.

Strangway, D. W., Swift, C. M. and Holmer, R. C., 1973, The application of
audio-frequency magnetotelluric (AMT) to mineral exploration:
Geophysics, vol. 38, no. 6, p. 1159-1175.

Strangway, D. W. and Koziar, A, 1979, Audio-frequency magnetotelluric
sounding-a case history at the Cavendish geophysical test range;
Geophysics, vol. 44, no. 8, pp. 1429-1446.

Sumner, J. S., 1976, Principles of induced polarization for geophysical
exploration: Elsevier Scientific Publishing Co., p. 30.

Thomas, John A., and Galey, John T. Jr., 1982, Exploration and geology of the
Mount Emmons molydenite deposits, Gunnison County, Colorado: Economic
Geology vol. 77, pp. 1085-1104.

Weaver, C. E., 1913, Geology and ore deposits of the Covada Mining District:
Geological Survey of Washington State, Bulletin 16, 87 p.

41



